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While the invention is broadly defined as above, those persons skilled in the art will appreciate 
that it is not limited thereto and that it also includes embodiments of which the following 
description provides examples. 

5 DESCRIPTION OF THE INVENTION 

As outlined above, the present invention provides novel A salivarius strains useful in the 
treatment or prevention of chronic and acute sinusitis, otitis media, including secretory, chronic 
and particularly acute otitis media. 

10 Previous investigations by the applicant have located a number of BLIS-producing strains of S. 
saltvarius active against certain other bacteria including S. pyogenes and S. pneumoniae. See, for 
example, WO 01/27143 which discloses such S. salivarius as well as salhraricins A and B 
produced by same. The term BLIS (bacteriocin-like inhibitory substance) refers to extracellularly 
released bacterial peptides or proteins that in low concentrations are able to kill certain other 

15 closely related bacteria by a mechanism against which the producer cell exhibits a degree of 

The previously identified S. salivarius were isolated from the oral cavity. S. salivarius is not an 
organism commonly associated with the nasopharynx except in very young children. Nor has 

20 BLIS production by S. salivarius in the nasopharynx been reported. The applicant has therefore 
surprisingly now isolated a number of BLIS-producing strains from the nasopharynx. Moreover, 
these strains exhibit a broad spectrum of activity, including strong inhibitory activity in vitro 
against S. pyogenes, S. pneumoniae, M. catarrhalis and H. influenzae, the key causative bacteria 
in otitis media. Importantly, the new S. salivarius strains are also non-pathogenic and are 

25 generally recognised as non-haemolytic. In comparison with alpha-hemolytic streptococci such 
as S. oralis, S. sanguis, and S. mitis, this makes the new strains useful for introduction into the 
nasopharynx or oral cavity of a patient for protection against otitis media or sinusitis. 

A preferred strain No. 30 has been deposited at Deutsche Sammlung von Microorganism Und 
30 Zellkulturen GmbH, Brawnschweig, Germany under Accession No. DSM 14686 on 14 
December 2001. 
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Streptococcin A-EF22 (Sen): ScnAfwd GCACCTATCCTTCTGAAGAAAG; ScnArev 
GCACCTAGGCACAirnTTCTTCC 

Streptin (Srt): SrtAfwd AAGACTTTGATCTCGATTTGAA; SrtArev 
AAACTAATTTCCAACAAGAACCA 

5 

DNA extracts fiom the mixed microfloras from the Mitis Salivarius tongue cultures were also 
tested by PCR using the salivaricin A and salrvaricin B primers as a means of detecting the 
presence of small numbers of sali varicin-producers in the oral microbiota. 

10 BLIS-producing streptococcal isolates were characterised initially on the basis of their colony 
appearance on Mitis Salivarius and blood agar media and on their biochemical profiles (API 20 




IS Twenty-three (65%) of the AOM-prone and control children sampled had bacterial strains 
isolated on Mitis-Salivarius agar from their nasopharynx that were inhibitory to AOM pathogens 
in the deferred antagonism test on TSYCa. The numbers of children in each group with isolates 
inhibitory to each of the pathogens is listed in Table 1 below. The inhibitory isolates were found 
in children from both groups and there was no significant difference between the groups with 

20 respect to the total number of inhibitory organisms isolated. 

Table 1: Number of subjects having streptococcal isolates inhibitory to strains of AOM 
pathogens in deferred antagonism tests on TSYCa 



AOM species 


Subjects having isolates inhibitory to indicator s 
stated species of AOM pathogens 


trains of the 


Recurrent AOM (%) 
(N=20) 


Controls (%) 
(N=15) 


p-value 


Streptococcus 


5(25) 


2(13) 


0.67 


pneumoniae 
Streptococcus pyogei 


ibs 5 (25) 


2(13) 


0.67 


Moraxella catarrhali 


s 10(50) 


7(47) 


0.88 


Haemophilus influen 


tae 2 (10) 


2(13) 


0.81 
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Streptococcal isolates from six children (3 controls and 3 AOM group) were inhibitory to both 
representative strains of at least three of the species of OM pathogens (Table 2 below). Of these 
six inhibitory isolates, two were S. pneumoniae, one was S. pyogenes (emm-type 11) and 3 were 
S. salivarius. Both direct culture and PCR analysis of the extracted DNA failed to demonstrate 
5 the presence of BLIS-producing S. pyogenes or S. pneumoniae in the total tongue microflora 
samples from subjects 25, 38 or 40. S. pyogenes strain 38 was shown by P-typing (and confirmed 
by PCR amplification of the appropriate structural gene) to produce the bacteriocin streptin. 
Neither of the BLIS-positive S. pneumoniae were PCR-positive for any of the tested 
streptococcal bacteriocin structural genes. Although salA was amplified from the tongue 

10 microflora of subject 44, no corresponding salivaricin A-producing bacterium could be recovered 
in culture from that subject's tongue swab. A strong BLIS-producing S. salivarius 
nasopharyngeal isolate that was PCR-positive for both salA and salB was obtained from subject 
30 (in the control group). However, in this subject the same inhibitory S. salivarius could not be 
detected in the corresponding tongue sample by either direct culture or PCR An apparently 

15 unrelated population of s<z£4-positive .sa/5-negative S. salivarius was detected both by PCR and 
by direct culture in the tongue sample from subject 30. S. salivarius strain 44 had inhibitory 
activity consistent with production of the bacteriocin salivaricin A, and by PCR was positive for 
the appropriate structural gene, salA. What appeared to be the same strain of S. salivarius was 
detected by PCR and was also directly isolated in culture from the tongue flora of subject 44. 

20 

Table 2: Detection by PCR of salivaricin A and salivaricin B structural genes in strongly- 
inhibitory nasopharyngeal streptococcal isolates and in samples of the tongue microflora from 
these subjects 

Inhibitory strata PCR detection of PCR detection of 
salivaricin A in salivaricin B in 




Streptococcus pneumoniae 25* - 

Streptococcus salivarius 30* + + + 

Streptococcus pyogenes 38* - 
Streptococcus pneumoniae AO* - + 

Streptococcus salivarius 44 * + + ^_ 

25 *From control subjects *From recurrent AOM subjects 
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more commonly isolated from the nasopharyngeal microbiotas of children who are not prone to 
develop AOM than from children who appear susceptible to this disease. 

BLIS production by S. saltvarius strains isolated from the oral cavity has been well documented 
11,12 and some of these strains are strongly inhibitory to the growth of S. pyogenes. However, 
5 strain 30 isolated from nasopharyngeal specimens has inhibitory activity not only against S. 
pyogenes, but also against a range of other pathogens including the gram negative M. catarrhalts 
and H. influenzae. Since S. salivarius is considered to be essentially non-pathogenic it may be an 
excellent candidate for introduction into the normal nasopharyngeal flora as protection against 
recurrent AOM. 

10 

Example 2 

Identification 

Strain 30 was isolated from the nasopharynx of a human subject It grows on Mitis salivarius agar 
at 37°C, 5% C0 2 with moiphology typical of S. salivarius as follows: 
1 5 Colony shape and size: round, 1 -2 mm in diameter 

Margin (edge): entire (smooth) 

Elevation: convex 

Colour blue 

Texture: mucoid 

20 

On Blood agar [Columbia Agar Base (GIBCO) with 5% human blood] at 37°C, 5% CQi in air it 
is not haemolytic, and exhibits the following morphology: 

Colony shape and size: round , <1 mm in diameter 

Margin (edge): entire (smooth) 
25 Elevation: convex 

Colour: white 

Texture: mucoid 

The API 20 Strep Identification code for the stain is 5070450, which corresponds to 
30 Streptococcus salivarius (98.4% identity). 
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D-Fructose 


positive 




D-Mannose 


positive 




L-Sorbose 


negative 


5 


Rhamnose 


negative 




Dulcitol 


negative 




Inositol 
Mannitol 


negative 




Sorbitol 


negative 
negative 


10 


a Methyl-D-mannoside 


negative 




a MethyL-D-ghicoside 


negative 




N-Acetyl glucosamine 


positive 




Awygdaline 


negative 




Arbutin 


positive 


15 








SaUcto 


positive 




Cellobiose 


positive 




Maltose 


positive 




Lactose 


positive 


20 


Melibiose 


negative 




Saccharose 
Trehalose 


positive 






negative 




Melezitose 


negative 


25 


D-Raffinose 


positive 






negative 




Glycogen 


negative 




Xylitol 


negative 




BGentiobiose 


negative 


30 


D-Turanose 


negative 




D-Lyxose 


negative 




D-Tagatose 


negative 




D-Fucose 


negative 




L-Fucose 


negative 


35 


D-Arabitol 


negative 




L-Arabitol 


negative 




Gluconate 


negative 










5 ceto-gluconate 
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Inhibitory Activity 

Deferred Antagonism test for BUS Activity 
P-type of S. salivarius 30 

Producer typing (P-type) describes the antimicrobial activity of bacteria against a set of standard 
45 indicators. The procedure was first described by Tagg and Bannister (J. Med. Microbiol. 1979; 
12: 397-411). 
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For P-typing S. salivarius 30 was grown as a diametric streak culture on a Blood agar + 0.1% 
calcium carbonate plate or Trypticase soy-yeast extract-calcium carbonate agar (Trypticase soy 
broth, 30; yeast extract, 20 g; calcium carbonate, 2.5 g; agar, 15 g; distilled water, 1000 ml), 
incubated at 37°C, 5% C0 2 for 18 h. The growth was then removed and the surface of the plate 

5 sterilised with chloroform. Nine indicator strains were then cross-inoculated. After incubation at 
37°C, 5% C0 2 in air for 18 h inhibition of growth was recorded. The inhibition patterns were 
recorded in a code form by considering the nine indicators as three triplets (eg, II, 12, 13, 14, 15, 
16; 17, 18, 19). Positive reactions against each indicator were given a score of 4, 2 or 1 depending 
on whether the indicator was, respectively, the first, second or third member of the triplet No 

10 inhibition was recorded as zero. The total score of each triplet thus specified uniquely the 
reactions against the three indicators. The complete P-type code is written as a sequence of three 
numbers, consecutively defining the reactions within the three triplets. 

S. salivarius 30 has a 230 P-type on Blood agar + calcium carbonate, and a 360 P-type on 
15 Trypticase soy-yeast extract-calcium carbonate agar when incubated at 37°C, 5% CO2 in air. 
However, S. salivarius 30 has a 000 P-type on Blood agar + calcium carbonate, and a 777 P-type 
and Trypticase soy-yeast extract-calcium carbonate agar when incubated at 37°C, anaerobically. 



Table 3: Deferred antagonism assay on BACa and TSYECa plates 



Incubation 
Conditions 


11 


12 


13 


14 


15 


16 


17 


18 


19 


P-type 


BACa-CQ, 




+ 








+ 








250 


AnC>2 




















000 


TSYECa - 

co 2 


(-) 


2+ 


+ 


2+ 




2+ 








350 


AnOz 


4+ 


4+ 


3+ 


3+ 


3+ 


2+ 


3+ 


3+ 


2+ 


777 



20 

Deferred Antagonism test for BLIS Activity against Otitis media pathogens 
The BLIS activity of S. salivarius 30 against a set of Otitis Media pathogens was carried out 
using the same procedure that was first described by Tagg and Bannister (J. Med Microbiol. 
25 1979; 12: 397-41 1), except the indicator strains were as follows: OM1 Streptococcus pneumoniae 
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PK2; OM2 S. pneumoniae PK34; OM3 Streptococcus pyogenes strain FF22; OM4 S. pyogenes 
strain 71-698; OM5 Moraxella catarrhalis 4; OM6 M. catarrhalis 22; OM7 Haemophilus 
influenzae 30; OM8 H. influenzae 33; OM9 Micrococcus luteus T18. 

5 S. salivarius 30 has only activity against one S pyogenes indicator when grown on BACa, while 
has activity against all indicators when grown on TSYE agar (Table 4). 



Table 4: Activity oi& salivarius 30 against Otitis media pathogens 



Incubation 
Conditions 


OMl 


OM2 


OM3 


OM4 


OM5 


OM6 


OM7 


OM8 


OM9 


OM-type 


BACa- 






















C0 2 


(-) 


(-) 
















100 


An0 2 




















100 


TSYE- 






























+ 


3+ 


2+ 




+ 


3+ 


777 


AnOs 


2+ 


2+ 


2+ 


2+ 


2+ 


2+ 




+ 


2+ 


777 
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INDUSTRIAL APPLICATION 

The results above demonstrate the inhibitory effect of BLIS production producing S. salivarius 
against streptococcus, moraxella, and haemophilial infections. S. salivarius or other organisms 
15 producing salivaricins are therefore applicable in methods of prophylactically or therapeutically 
treating individuals for such infections, including otitis media. 

Presently preferred compositions for use in the methods are formulated for respiratory or oral 
administration. The compositions comprise freeze dried £ salivarius BLIS producing strains 
with a respiratorially acceptable adjuvant^ or are formatted as lozenges. 



20 Those persons skilled in the art will understand that the above description is provided by way of 
illustration only and mat the invention is not limited thereto. 
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I. A biologically pure culture of S. sattvarius strain No. 30 on deposit at Deutsche 
Sammlung von Mikroorganism Und ZeUkulturen GmbH, Brawnschweig, Germany under 
AccessionNo. DSM 14686. 



3. A therapeutic formulation comprising an organism as defined in claim 1 in combination 



4. A composition formulated for respiratory administration, the composition comprising: 



(a) one on 

(b) one or more organisms capable of expressing a salivaricin protein; 

wherein (a) and (b) are effective against one or more otitis media causing bacteria. 

5. A composition as claimed in claim 4, wherein said otitis media causing bacteria are 
selected from one or more of the group comprising S. pyogenes, S. pneumoniae, M. 



6. A therapeutic composition effective for prophylactic or therapeutic treatment of otitis 
media in a patient, the composition comprising: 



one or more salivaricin proteins; and/ or 

one or more organisms capable of expressing a salivaricin protein; 



in combination with a diluent, carrier and/or 



7. A composition as claimed in any one of claims 4 to 6, wherein the salivaricin protein is a 
Salivaricin A, or Salivaricin B. 
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8. A composition or formulation as claimed in any one of claims 2, 3 and 5 to 7, formulated 
for oral, topical, or respiratory administration. 

9. A composition or formulation as claimed in claim 8, formulated for oral administration 
5 and comprising a chewable or suckable lozenge. 

10. A composition or formulation as claimed in any one of claims 2 to 9 comprising S. 
sativarius in freeze dried form. 

10 11. A composition or formulation as claimed in claim 10, wherein the freeze dried 5". 
sativarius cells are reconstituted in a liquid selected from water and saline. 

12. A composition or formulation as claimed in claim 1 1 comprising between about 1 x 10 4 
and 1 x 10 10 colony forming units (CFU) per ml, preferably about 5 x 10 s CFU/ml. 

15 

13. A composition or formulation as claimed in any one of claims 10 to 12, further 
comprising an acceptable carrier. 

14. A composition or formulation as claimed in claim 13, further comprising one or more 
20 tableting aids, excipients, flavourings, and/or colourings. 

15. A composition or formulation as claimed in any one of claims 10 to 13 comprising an 
orally administerable formulation of a blend of freeze-dried S. sativarius and skim milk 



16. A composition or formulation as claimed in any one of claims 2 to 8, formulated for 
respiratory administration as a powder, solution or suspension. 

17. A composition or formulation as claimed in claim 16, formulated for use in a nebuliser 
and further comprising a propellant.' 

18. A composition or formulation as claimed in claim 16 or claim 17, further comprising a 
non-toxic detergent or surfactant such as a Polysorbate. 
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1 9. A prophylactic or therapeutic method of treating a patient to at least inhibit the growth of 
one or more otitis media causing bacteria, comprising the step of administering an 
effective amount of an organism as claimed in claim 1 or a composition as claimed in any 

5 one of claims 2 to 18 to said patient. 

20. A method as claimed in claim 19, wherein the bacteria are present in the nasopharynx, or 
oral cavity. 

10 21. A method as claimed in claim 19, wherein said method includes a preliminary step of pre- 
treating said patient to at least reduce the bacterial population present in the upper 
airways, or oral cavity. 

22. A method as claimed in claim 21, wherein said pre-treatment comprises the step of 
15 administering one or more antimicrobials or antibiotics orally to said individual. 

23. A method as claimed in claim 19, wherein said antimicrobial or antibiotic is selected from 
the group comprising chlorexidine, erythromycin, amoxycillin and phenoxymethyl 



24. A method as claimed in claim 23, wherein said antibiotic is erythromycin. 

25. A method of treatment of a patient against otitis media which comprises the steps oi 



(a) orally administering to said patient an amount of an antibiotic or antimicrobial 
effective to reduce the normal microflora including otitis media causing organisms 



ig to the resulting bacterially depopulated environment, an oi 
. salivarius cmtaining composition of Hie invention to repopulate said 



21 



A use of S. saltvarius strain No. 30 as defined in claim 1, in the manufacture of a 
medicament for the treatment or prevention of chronic and acute sinusitis, otitis media, 
including secretory, chronic and acute otitis media. 
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